Kraemer has shown that every abelian group of order 2 2 d+ 2 with exponent Jess than 2 2 d+ 3 has a difference set. Generalizing this result, we show that any nonabelian group with a central subgroup of size 2d+ 1 together with an exponent-like condition will have a difference set.
Characters on abelian groups can help determine the existance of a dif~ ference set. A character, x, is a homomorphism from the abelian group G to the complex numbers. Clearly, x must take every element of G into a 2e root of unity if 2e is the exponent of G. Turyn [7] shows the following. • Since we have to show that the character sums are valid for every nonprincipal character, we need to set up an equivalence relationship on the characters so we can check a whole class at once. Modifying the normal construction slightly, if x and x' are two characters on an abelian group H of size 2d +
if Kern(x) = Kern(x'). The following lemma describes the equivalence classes of these characters (this is proved in [2] ). 
K-MATRICES
To investigate the existence of difference sets in two-groups, we need to introduce a structure called a K-matrix structure. We will essentially follow the notation of Kraemer.
Let 
3) The set y 1 z1 0 ~j ~ 2"' -1, 1 ~ t ~ Q, together with the identity constitutes a complete set of distinct coset representatives of H in G.
In Davis [2] , the following is proved:
THEOREM 2.1. Any abelian two-group with a K-matrix structure has a difference set.
The actual difference set is constructed by defining
The proof involves showing that every nonprincipal character sum over D has magnitude 2d (Lemma 1.1 ).
To show that any abelian group meeting the exponent bound has a difference set, Kraemer [5] had to pick they, and z 1 to meet the K-matrix definition. The choice of the z 1 is important within M,, while the choice of the y 1 is only important in satisfying condition To choose the y 1 , Kraemer proved that the following algorithm will satisfy condition (3) of the K-matrix definition:
I. Let µ be an m x 2" matrix of integers, each row of which contains the integers from 1 to 2e in order, all initially unmarked.
II. Set t = 1. 
III. Let b
The part of the sum where t = t' is the differences within one K-matrix.
The following lemma considers part of the t = t' case, and it is important in generalizing the group ring equation over to the nonabelian case. _2'1
Consider the sums without the z{; we will use both directions of Lemma 1.2 to analyze the sum in this lemma. If x is any nonprincipal character on H, the sum of the character values on the right-hand side is 0. Thus, the sum on the left-hand side must also be 0. There are two cases: first, suppose that XE[Xrl x(Dt'.j')=L:dED1JX(d)=O whenever t=/=t' (this is a general property of K-matrices: either part ( 1) of the definition or x nonprincipal on K, will be true, and that gives a sum of 0). The third sum on the lefthand side has the property that each term contains at least one D t',J' where t =I= t'. Thus, each term is 0, so the sum must be 0. Therefore, the character sum over the first two sums on the left-hand side must also be 0. a 1 , a 2 , a 3 , and a 4 be the generators of G with a 2 -a 3 -a 4 -, a 2 a 1 a 2 -a 1 it is easy to see that the conditions of the theorem have all been met. Thus, these groups all have difference sets.
QUESTIONS
This generalization leads to two functions:
1. Suppose for every 1 ~ t ~ Q, we can find a z 1 so that ord(z,H) = 2\ and x 1 (z7'') = -1; does this imply that G has a difference set? This is what makes Lemma 2.1 true in the nonabelian case, and it will make the K-matrices work if we can choose the y, to satisfy the definition.
2. What can we do with the K-matrix structure if H is a normal abelian subgroup of order 2d+ 1 (not neccessarily central)? This is the K-matrix question related to Dillon's conjecture, which has to do with normal elementary abelian subgroups. This would be a very powerful result, because all 56,092 groups of order 256 have a normal abelian subgroup of order 16 (see [ 4] ), so we could attack the existence of difference sets in every group of order 256 with K-matrices.
